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cutoff point were excluded from any of the calculations for irrigated acreage. The results this 
analysis for an area of one of the systems analyzed is shown as Figure 1. 

 

Figure 1. Imagery vs Scaled NDVI ranges (Spanish Fork, UT) 

Comparing the imagery and the ranges of the NDVI it is clear that areas that are drier and have a 
yellow tint fall into the lower ranges, while areas that appear lush and green fall into the higher 
ranges. The imagery is a raster dataset that includes pixels that are 1 meter square. GIS tools are 
capable of computing how many pixels there are in a given boundary. This allows for calculating 
irrigated acres based on a pixel count of the NDVI grid over a specified area. 
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For the purposes of this study, all vegetated, non-agricultural areas within a public water supplier’s 
service area were assumed to be irrigated. Studies have shown that NDVI data is useful in 
determining the location and coverage of irrigated area even in urban settings (Johnson and Belitz 
2012). This method was tested on a few select cities and found to be very accurate in delineating 
areas that appeared to be irrigated. Based on this finding, a script was written to process the NAIP 
imagery and compute a NDVI grid for each of the water systems that were examined in this study. 
The same method could be applied to any water system in the entire state. 

Application Rate 

The cities of Spanish Fork and Saratoga Springs have complete pressurized irrigation (PI) systems 
that are metered and billed. Billing records for the month of August 2016 (same period the 2016 
NAIP imagery was taken) were collected to examine the relationship between water application 
and the average NDVI pixel value (higher values correspond to greener and healthier plant life) for 
the same location. A shapefile of the parcel data for Spanish Fork and Saratoga Springs was 
obtained from the ARGC website to define the shape and size of each address. The addresses from 
the billing records along with the usage from August 2016 were matched with the corresponding 
parcel data. A statistical analysis was performed using the parcel shapefile data as a boundary to 
compute the number of NDVI pixels in each parcel (i.e., the irrigated area of each parcel) as well as 
the mean pixel value in each parcel.  

The volume of water at each address could then be converted to a depth of water applied over the 
computed irrigated area for each parcel. This was accomplished by dividing the volume of water 
registered by the meters in the billing records by the irrigated area computed based on the NDVI 
pixel count. For this analysis the necessary conversions were performed to obtain the depth of 
water in inches that were applied to the computed irrigated area for each parcel. 

Variation in Application Rates  

Initially, the team’s hypothesis was that there would be a direct relationship between the amount of 
water applied and the corresponding average pixel value. However, a scatter plot of the amount of 
water applied and the average pixel value for all the available data was produced for each city 
including a linear trend line which showed an R2 of nearly zero for both cities.  

Further investigation revealed some interesting information. Both datasets contained outliers and 
were pared down to only include data for parcels that showed an application rate of 4–24 inches of 
water in the month of August. These datasets included approximately 70% (Spanish Fork) and 75% 
(Saratoga Springs) of all the connections in the respective PI systems and therefore represents 
typical conditions while ignoring outliers. 

The data were then put into bins of 1-inch increments to generate a histogram showing the how 
many connections fell into each bin. The histograms for each of the cities showed a shape that is 
similar to a bell curve indicating that most people apply about the same amount of water to their 
yards, while smaller groups water more or less than average. The results for each city are shown in 
Figures 2 and 3. 
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Figure 2. Inches of Water Applied (Spanish Fork) 

 

Figure 3. Inches of Water Applied (Saratoga Springs) 
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